The bench was developed in the laboratory of hydraulic devices at the Department of Oil and Gas Machines and Equipment. It allows to create conditions that are close to the conditions of the downhole of any well. Laboratory and experimental studies conducted on the bench included two stages: a) research of output parameters and the corresponding selection of the optimal design parameters of the devices that are being developed; b) study of the influence of pressure and frequency of fluid impulses on the penetration of the hydraulic fluid in sand samples.
I. INTRODUCTION
Issues related to the development of technology of wave action on the face of a well and the reservoir can be successfully resolved only with an objective understanding of the impact mechanism taking into account the actual conditions of the process. A scientifically justified selection of pressure wave emitters being developed is also needed to efficiently apply them in the processing workflow. When solving these tasks, it becomes necessary to create a universal laboratory test bench, which allows to investigate the influence of fluid oscillation parameters on the characteristics of hydrocarbon reservoir rock samples and to find the optimal ratio of design parameters of the devices being developed.
II. MATERIALS AND METHODS
A similar bench was already developed by us in the laboratory of hydraulic devices at the Department of Oilfield Machines and Equipment of the Branch of the USPTU in the city of Oktiabrskii, which allows one to create conditions close to the downhole conditions of any well. It includes a test chamber with a holder, manifold lines, a system of shutoff control devices, a set of controlling and measuring apparatus and a piston pump [1] [2] [3] . The bench, a schematic diagram of which is shown in Figure 1 , consists of a column 1 installed on foundation 2 with a shock-absorbing pad 3 using anchor bolts 4, a flange sleeve 5. In turn, a flexible hose 6 is connected to the flange nipple, which is connected with a piston double-cylinder double-acting pump 9 МГр 7.
Column 1 has two branches: the first 8 to remove the injection fluid and the second 9 to attach the holder 10. A high-pressure valve 11 is installed at the exit from the first outlet. To measure the required parameters in the laboratory research process, the following instrumentation is provided in the bench design: manometers at the input of hydraulic fluid 12 and in the annulus 13, pressure piezoconverters 14, which use direct switching on the resistant strain gauges using a bridge circuit, with communication channels 15. Д16 piezoconverters are connected to the ВИ-6ТН vibration measuring equipment, which is designed to measure the output signals of the strain gauge and report directly to one of the galvanometers of the multichannel stub light-ray oscilloscope Н 041У.4.2 16 through the amplifier 17. Using the light-beam oscilloscope, decisions were made on adjusting and debugging the measuring path. To provide a more visual picture of the amplitude of pressure fluctuations and its regulation, the oscilloscope C1-49 18 is included in the bench, which receives signals from the light-beam oscilloscope. The vibration of the stand itself was measured using a ДУ-5С 19 sensor. The flow rate of the working fluid was measured volumetrically in a tared tank 20, from which, after the measurement, the fluid entered the receiving tank 21. The holder using a manual oil pump 22 creates rock pressure, and the hydraulic fluid leak from each camera holder was measured by measuring tank 23.
Technical characteristics of the developed bench design are presented in table 1. Laboratory and experimental studies conducted on the bench included two stages: a) research of output parameters and the corresponding selection of the optimal design parameters of the devices that are being developed; b) study of the influence of pressure and frequency of fluid impulses on the penetration of the hydraulic fluid in sand samples.
At research of work of the developed vibrators at the bench the following technique is used. The vibrator is placed in the test column 1 and 1 is attached with a thread stalk60 GOST 633-80 to the flange nipple 5. The pump 7 supplies hydraulic fluid through the valve 26 and the flexible hose 6 into the vibrator. Since the pump flow has a strictly fixed value (with a certain diameter of the cylinder bushings, the piston stroke length and the number of double piston strokes), the required fluid flow for the vibrator is obtained by passing part of the fluid through the valve 25 into the measuring tank 20. Thus, the working fluid flow entering the vibrator is determined by: After measuring the flow rate of the liquid in the vessel 20, the valve 24 is opened and the containers 20 and 21 communicate with each other. The flow rate of the fluid passing through the vibrator is controlled with the valve 25. Hydraulic fluid pressure up to the vibrator and in the annulus space is recorded according to the readings of the pressure gauges 12 and 13, respectively. from where the working fluid enters the receiving tank 21, the impulses of the fluid generated by the vibrators, both in the discharge line and in the test string, are measured by strain gauges 14, the signals from which are fed through the imp Amplifier 17 to a light beam oscilloscope 16. The beam deflection is directly proportional to the measured amplitude of pressure change (with appropriate calibration of strain gauges using a standard pressure gauge at static pressure using a measuring press) at the sensor connection point and the signal is recorded on photo paper. On the day of the comparison of the results obtained, it is necessary to measure the fluid pressure fluctuations created by the pump. Measurements are carried out using the sensor 14 in the discharge line with an open flange nipple 5 (without installing a vibrator).
When conducting laboratory and experimental work on the second stage of the study are carried out in two directions [4, 5] . In the first direction, leakage of fluid through the samples is investigated with different regime parameters. The methodology is as follows. In the holder, the scheme of which is shown in Figure 2 , there are three interchangeable chambers for mounting the samples under investigation. The investigated samples, previously placed in the rubber yoke, are installed in the holders. Using the vibrator installed in the test chamber 1 (Figure 1 ), the necessary values of frequency and amplitude fluctuations in fluid pressure are created and recorded on photo paper. The magnitude of the fluid pressure to the sample to be investigated is controlled by the valve 11 ( Figure 1 ) and its values are recorded from the readings of the pressure gauge 13. Rock pressure is created behind the rubber yoke of the investigated sample using a manual oil pump, and the amount of fluid leakage through the sample is measured by the volumetric method by withdrawing it from the holder through the outlet 9. The resulting values are presented in the form of graphical dependencies. 
III. RESULTS AND DISCUSSIONS
The second direction of laboratory studies is to determine the magnitude of the absorption of the pressure fluctuations amplitude. To this end, pressure tense gauges are installed in taps 9, and the light beam oscilloscope records signals from them on photo paper. The creation of the necessary values of regime parameters (frequency and amplitude of pressure fluctuations, pressure up to the sample under study, rock pressure) is conducted in a similar sequence.
Studies are conducted successively for three samples, with strain gauges installed after each tested sample.
Laboratory and experimental studies of the mechanism of change in the impulse parameters of a liquid on rock samples and the processing of the results obtained.
When conducting research, sand was used as a model of a porous medium. The diameter of sand grains was in the range of 0.21-0.42 mm [6, 7] . For the preparation of samples, a form was used, the internal dimensions of which were: diameter -24 mm; length -40 mm. The sand was prescreened, washed with distilled water, and tamped into the form using a press with a final force of 1200 N. The studies were carried out at three pressure values in the test chamber =1; 1.5; 2 MPa, with the following values of external pressure on the samples г =0.5; 1.4; 2.3 MPa were created at each pressure in the test chamber. The oscillation frequency of the fluid was created using vibrators, the value of which for all experiments had the same values: 200, 400, 600, 800, 1000, 1200 Hz, and the error was no more than ± 5%. The results of laboratory studies are presented in tables 2, 3 and 4. According to the experimental data, a regression analysis was carried out, on the basis of which qualitative correlations were found between factorial results. For all three cases, a matrix of the full factorial experiment 2 3 was made. Regression equations represented the dependence = ( , , ) in a linear form. The dependence of the regression coefficients was checked with the help of t -Student criterion and in all three cases the combination of the factors fP and fPPr does not affect the resultant mark. The hypothesis on the adequacy of the proposed models was tested using the F -Fisher test [8, 9] . The regression equations are as follows: 
Experimental and calculated graphical dependences = ( ) (at P = 1 MPa and = 0.5 MPa) are presented in Figures  3, 4 , 5. After analyzing the obtained results, it was found that with an increase in the fluid oscillation frequency, the amount of fluid passing through a sample of a porous medium increases as well, with the highest q value reaching in the frequency range of 600-1000 Hz. As for the pressure values, namely, their influence on q, the laboratory studies carried out confirm the theoretical results of most authors. When conducting laboratory studies on the second stage, the preparation and composition of samples of the porous medium were similar to those in the first case [10] . The amplitude of the change in fluid pressure was recorded after the test of each sample. The experiments were carried out at a fluid pressure to samples of 2 MPa, the fluid oscillation frequency was 1000 Hz, and the pressure on the samples was 1; 2; 3 MPa. The results obtained are presented in Figures 6, 7, 8 . Based on a detailed consideration of the change in the amplitude of pressure fluctuations, we can draw the following conclusions. With an increase in the depth of penetration of oscillations, the absorption of the amplitude of pressure oscillations corresponds to a linear decrease. With an increase in rock pressure, the linear change in absorption is distorted.
In a test first sample second sample third sample column The obtained data, after comparison, allow us to make the following conclusion. The smallest absorption is characteristic for the oscillation frequency in the range of 0-1000 Hz, which confirms the assumptions made in Chapter 2 of this work, with an error of ± 10%. IV. CONCLUSION Laboratory and experimental studies conducted on the bench included two stages: a) research of output parameters and the corresponding selection of the optimal design parameters of the devices that are being developed; b) study of the influence of pressure and frequency of fluid impulses on the penetration of the hydraulic fluid in sand samples.
A technique that creates conditions as close as possible to real well conditions was used in the course of study of the action of the developed pulsed devices for impulse nonstationary flooding.
At the second stage of the study the tests are carried out in two directions. In the first direction, leakage of fluid through the samples is investigated with different regime parameters. The methodology is as follows. In the holder, the scheme of which is shown in Figure 2 , there are three chambers for mounting the tested samples, all of which are interchangeable. In the second direction, laboratory studies determine the magnitude of the absorption amplitude of pressure fluctuations.
